Abstract. In this paper, finite element software ANSYS is used in thermo-fluid-solid coupling analysis for helical transferring tube of SG in SMART reactor by using finite element method, The resulting heat flux, temperature field, stress and strain of the pipe are calculated, It is found that the stress, the maximum value of strain and deformation produced outside tube depend strongly on the temperature of the system.
Introduction
In pressurized water reactor nuclear power plant, the steam generator is an important part in operating. In general, the wall thickness of transferring heat pipe of the steam generator is only 1-1.2 mm, and the pipe is the weakest part of the primary circuit pressure boundary. The steam generator is the second barrier to prevent leakage of radioactive material. Heat is transferred continuously from the highly pressurized hot water of steam generator to the cold feed water of steam generator, and the heat transfer effects depend entirely on the inside of the pipe. Thus, the security and heat exchange efficiency of the pipe is particularly important [1] . In general, the heat exchange efficiency of the helical transfer tube is higher than straight tube. SMART reactor is designed by Korea, it has eight helical tube type-steam generators and four reactor coolant pumps, and pressurizer. All of these devices are located in the internal of pressure vessel [2] [3] .The integrated design can deduce greatly the possibility of mass crack in a primary circuit pipeline, and improve the inherent safety of the reactor. Jo [2] used ANSYS software to perform a modal analysis for the helical tube of the SMART reactor. In their works they only simulate the distribution of velocity and temperature of fluent field in the SG under normal operation. Here, in addition to fluent properties, we further compute the pressure, stress, strain distributions in the helical tube. Currently , there are a lot of researchers have worked at the fluid-solid coupling analysis of small reactor of helical coiled tube with different forms, some previous studies assume the temperature field is constant and some has ignore the influence of the temperature [8] [9] . However, it should be necessary to consider the influence of temperature field on the helical coiled tube, in order to make the flow analysis more accurate. We are to do so in this paper.
ANSYS Workbench integrates Mechanical, FLUENT, CFX and other structure and fluid analysis software, and can realize the data transfer, which provides platform to realize the Thermo-fluid-solid coupling analysis. We use fluid analysis module of ANSYS workbench, stable thermal analysis module, static structure analysis module for SMART reactor helical coiled pipe Thermo-fluid-solid coupling calculation. By calculations we can obtain the thermal load distribution of helical coiled pipe and the stress and deformation distribution under the effect of fluid pressure load and thermal load [3] . We compared the results from fluid-solid coupling analysis and thermal-fluid-solid coupling calculations. These calculations can provided reliable basis for the design, manufacture and maintenance of helical coiled pipe [4] .
Computational Model and Numerical Method
SMART nuclear reactors have 8 cassette steam generator, wrapped around a lot of spiral tubes, the single helically coiled tube considered in present calculations has 10.0mm of pipe diameter,1.5 mm of thickness,1104mm of total length,422mm of shell diameter .The material is titanium alloy named PT-7M, titanium alloy parameter is listed as follows [2] [3] : SMART reactor steam generator is a single channel heat exchanger that made up of a cylindrical body shell and a large number of spiral coiled pipes. During the normal operation of the reactor, the steam generator produces highly superheated steam at outlet of the helically coiled tubes by heat transfer between the highly pressurized hot fluid flowing downward through the shell side and the feed water upward through the inside of tubes at lower pressure. The feed water is heated up to steam due to heat transfer. In two 3 d model diagram above, the upper is the inlet of shell side fluid, the underside is outlet, underside is inlet of tube side fluid, upper is outlet. Figure 1 ℃ ,respectively [2] [3] . The ANSYS finite element software was used to perform a thermal-fluid-solid coupling calculations for the SMART helical tube in a fluid field. A patch conforming method was used in the meshing of the helical tube and its form in fluid field, shown in Figure 1 . The SIMPLE algorithm method was used in the fluid analysis and the finite element method was used in the steady-state thermal analysis and static structural analysis. The boundary conditions at the two ends of the tube were fixed.
Results and Discussions
Temperature distribution of flow in primary side and the secondary side is shown in Figure 2 As seen in Figure 2 (a) , in shell side the temperature of fluid reduces gradually from 583 K to 580 K as the fluid flows down from top to bottom. The temperature of fluid nearest to helical transferring tube is significantly lower than one of fluid located at other areas. From Figure 2 (b) , it can be seen that in tube side, the temperature of fluid increases rapidly when the inner fluid flows from bottom to top of the tube. The highest temperature is found to be 580 K in the upper outlet of the tube. The increasing amount of the temperature of the tube-side fluid is about 2600C when the fluid enters the tube side from its inlet port and leaves from its outlet port. From present numerical simulations it is also found that the temperature of the outer wall of the helical tube is higher than one of the inner wall of the tube. These results are all in agreement with the ones by Jo [2] .
In Figure 3 pressure distribution contour of fluid near eight cross sections of the helical tube are plotted where the first turn section located at the bottom of the tube and the 8th turn section at the top of the helical tube, the other turn sections are located between the two ends of the tube in order. From the figure, we can see that the shell side fluid pressure gradually reduced from top to bottom, and the pressure drops lower on both sides of helical tube than on the top and bottom of the cross sections of the tube. The pressure becomes lower on the bottom area of the cross sections than that on the top-area of the sections, but lager than that on the side-area of the cross sections. For the pressure of the fluid in the tube-side, the inner-side pressure is lower than pressure of the fluid located at the outer-side. We call the tube-side fluid nearer the center line of the shell inner-side fluid, and the tube-side fluid further away the center line of the shell outer-side fluid. The velocity of fluid in shell-side and tube-side is also calculated. It is found that velocity increases rapidly on both sides of helical tube, while velocity drop at the top and bottom of the cross sections of the tube. For velocity of the fluid in the tube-side, the outer-side velocity is lower than velocity of the fluid located at the inner-side. The velocity of the tube-side fluid increase significantly as the fluid goes up through the tube. The results are consistent with the Jo' results [2] .
Thermo-fluid-solid coupling analysis for the helical tube and its form in fluid field is carried out. The total displacement distribution, equivalent elastic strain distribution, and equivalent stress distribution along the helical tube are shown in Figure 4 Figure 4(a) shows the total displacement contour of the helical tube by thermo-fluid-solid coupling. From the figure it can be seen that the color of the tube ends is deeper than that of others areas, where the value of total displacement is minimum. In Figure 4 the top-most end is the outlet of the helical tube and the bottom-most end is its inlet. The largest displacement is found to be located at the third turn from the outlet of the tube, where the color is brightest in the contour plot. Figure 4 (b) shows the equivalent stress distribution of helical tube. At the inlet and outlet color is lightest, as compared with the color in the other areas on the tube. In this end-area the largest equivalent strain exists. One reason is that the ending areas are fixed. Form the figure it is seen that at the center area the larger strain is found and at the other areas equivalent strain is smallest. The equivalent stress distribution of helical tube is plotted in Fig 4(c) . The color of tube ends is lighter than that of other region, where the largest equivalent stress is found. It is also found that in the center area the equivalent stress is mediate and in the other area with dark color, equivalent stress is smallest. Compared with results by fluid-solid coupling analysis, except for stress, the displacement and strain are similar to the corresponding results by thermal-fluid-solid coupling analysis in magnitude.
Summary
The thermal-fluid-solid coupling of a transferring heat helical tube are performed by ANASYS finite element software. The maximum of displacement, equivalent strain and equivalent stress is found to be more larger than the results by fluid-solid coupling analysis. Especially for the equivalent stress distribution, The increasing amount of maximum equivalent stress is about 750 Mpa when considering the influence of thermal field. Under normal working conditions, the interaction among the flow field, thermal field, and helical tube will leads to form complex stress, strain, velocity, and thermal field. These fields' distributions and amounts are descripted in this paper.
